INTRODUCTION
Both human immunodeficiency virus (HIV) and alcohol use are common worldwide (UNAIDS, 2015) .
In some cases, such as Russia and Uganda, high per capita alcohol use overlaps with a high prevalence of HIV (Rehm et al., 2006; Rehm et al., 2009a) . In the U.S., approximately 1.1 million people are living with HIV (PLWH) (Hall et al., 2009; Lansky et al., 2010; Centers for Disease Control and Prevention, 2011;  Centers for Disease Control and Prevention, 2012) , and 88% of adults report any past-year alcohol use (≥1 drink), 25% report past-month heavy drinking (≥5 drinks on ≥ 1days), and 14% meet criteria for a past-year alcohol use disorder (Substance Abuse and Mental Health Services Administration, 2014; Grant et al., 2015) .
A substantial proportion of PLWH consume alcohol, many at unhealthy levels (heavy drinking and/or alcohol use disorder) (Saitz, 2005) . The prevalence of unhealthy alcohol use in PLWH ranges from 8% (Galvan et al., 2002) to 42% (Samet et al., 2004b; Lefevre et al., 1995) . Based on data from the U.S. general population, sub-populations at high risk of having both HIV and unhealthy alcohol use include men who have sex with men (MSM), racial/ethnic minorities, persons who inject drugs, sex workers, and persons of low socioeconomic status (Hall et al., 2009; Lansky et al., 2010; Pellowski et al., 2013; Delker et al., 2016) .
In this narrative review, we describe literature regarding alcohol's impact on HIV acquisition/transmission, care, co-infections and comorbidities common among PLWH, and morbidity and mortality, as well as literature regarding interventions to address alcohol use and its influences among PLWH.
Alcohol Use and Risk Behaviors for HIV Acquisition/Transmission
Alcohol use has a strong and consistent association with HIV incidence (Shuper et al., 2010; ScottSheldon et al., 2016) . Associations between alcohol use and sex-risk behaviors have been identified consistently (Shuper et al., 2009; Samet et al., 2007b; Maisto and Simons, 2016; Maisto et al., 2012) . A meta-analysis of 30 experimental studies found that participants randomly assigned to consume alcohol reported stronger intentions to engage in unprotected sex, weaker sexual communication and negotiation skills, and higher levels of sexual arousal than participants assigned to either placebo or no-alcohol control groups (Scott-Sheldon et al., 2016) , suggesting a causal link between alcohol use and sexual risk taking (and thus HIV transmission).
Several studies have tested interventions focused either on reducing HIV risk among people who drink or on reducing alcohol use to reduce HIV transmission (Carrasco et al., 2016; Samet and Walley, 2010; Eaton et al., 2013; Kalichman et al., 2008; Samet et al., 2015; Samet et al., 2008; Monti et al., 2016; Kennedy et al., 2016) with limited success, especially with regards to sustained effects across multiple domains (e.g., reductions of both alcohol and sex-risk behaviors). A review of interventions tested in subSaharan Africa suggested a need for interventions that address alcohol use and HIV risk both at individual and policy levels (Carrasco et al., 2016) .
Alcohol Use and the HIV Treatment Cascade
The HIV treatment cascade identifies five stages of HIV medical care-1) diagnosis, 2) linkage to medical care, 3) engagement with/retention in medical care, 4) treatment with antiretroviral therapy (ART), and 5) achievement of viral suppression-all considered essential targets to meet in order to effectively treat and prevent the spread of HIV (Joint United Nations Programme on HIV/AIDS, 2014; Skarbinski et al., 2015; Mugavero et al., 2013; Bor et al., 2015; Cohen et al., 2014; Park et al., 2007) . World Health Alcohol use has been shown to influence HIV care and outcomes at every stage of the cascade (Azar et al., 2010b; Vagenas et al., 2015) ; it is associated with lower receipt of HIV testing (Fatch et al., 2013; Vagenas et al., 2014; Bengtson et al., 2014) , greater delay in engaging with medical care after testing positive (Samet et al., 1998) , delay in, lower quality of, and worse retention in HIV treatment (Samet et al., the substantial influence of this modifiable risk factor on this key treatment goal, further research is warranted regarding how to influence ART adherence via reducing drinking, or in the context of continued drinking.
Alcohol and Achievement of Viral Suppression-Disease Progression
While multiple studies have identified associations between alcohol use and HIV disease progression, the extent to which alcohol use directly affects disease progression is not fully resolved (Hahn and Samet, 2010; Azar et al., 2010a) . Identified associations may be mediated by behavioral mechanismsthe most common being non-adherence to ART-or they may be direct, resulting from biological mechanisms (Hahn and Samet, 2010) .
Several plausible biological mechanisms may account for how alcohol may increase pre-ART HIV disease progression. Both HIV and alcohol are established causes of microbial translocation and systemic inflammation (Thurman, 1998; Brenchley et al., 2006; Douek, 2007) , and both induce immune activation.
Therefore, it is plausible that alcohol may accelerate the progression of HIV disease via these pathways.
Alcohol use may contribute to T cell proliferative defects (Szabo et al., 2004) . And both HIV and alcohol cause a similar disruption of the normal gut microbiome, which may contribute to systemic immune activation by either impairing gut barrier integrity or absorption of bacteria-derived metabolites that confer immune defects (Dillon et al., 2014) . Markers of microbial translocation are associated with increased opportunistic co-infections (Cassol et al., 2010) , HIV disease progression (Marchetti et al., 2008; Balagopal et al., 2008) , and mortality (Sandler et al., 2010) . The link between alcohol use and markers of microbial translocation in PLWH has been examined to a limited extent, and findings have been mixed (Monnig et al., 2016; Hunt et al., 2014; Cioe et al., 2015; Balagopal et al., 2008; Carrico et al., 2015) . Experimental studies of the effect of alcohol on progression of the simian immunodeficiency virus (SIV) in macaques largely support the biologic plausibility of alcohol's influence on disease progression (Amedee et al., 2014; Marcondes et al., 2008; Kumar et al., 2005; Bagby et al., 2006; Poonia et al., 2006; Molina et al., 2006) . However, the most recent study, which randomized macaques to chronic heavy drinking (versus sucrose) and subsequently to ART (versus no ART), identified no association between chronic heavy drinking and viral load over 4 months, regardless of ART status (Molina et al., 2014a) .
The results of human observational studies have been mixed, perhaps because of factors that can affect disease progression in people outside of tightly controlled experimental settings (Hahn and Samet, 2010) . Of the several prospective studies conducted in the pre-highly active ART era (Kaslow et al., 1989; Penkower et al., 1995; Eskild and Petersen, 1994; Tang et al., 1997; Veugelers et al., 1994; Webber et al., 1999; Chandiwana et al., 1999) , none found an association between alcohol consumption and the onset of the Acquired Immune Deficiency Syndrome (AIDS). In the highly-active ART era, after controlling for ART use, four prospective studies found no association between heavy drinking and HIV disease progression, as measured by CD4 cell count or HIV viral load (Ghebremichael et al., 2009; Cook et al., 2008; Chander et al., 2006b; Kowalski et al., 2012) , and one identified an increased risk of virological failure associated with heavy alcohol use (Deiss et al., 2016) . Two earlier prospective studies that separately examined HIV disease progression among those not on ART found that heavy alcohol consumption was associated with lower CD4 cell count (Samet et al., 2007a) and shorter time to CD4 cell count <200 cells/mm 3 (Baum et al., 2010) , but not differences in HIV viral load (Samet et al., 2007a; Baum et al., 2010) . These studies both had small samples of persons not on ART (n=128 and n=87 respectively). A 7-year study among 5,067 Swiss PLWH, which stratified analyses by ART naïve and individuals initiating ART, found no association between alcohol use and virological failure or CD4 cell counts over time in either group (Conen et al., 2013) .
Findings to date suggest the possibility that alcohol use may not directly influence disease progression.
However, further research is needed to explore longer term outcomes associated with heavy drinking in macaques, as well as influences of alcohol use on disease progression among larger samples of PLWH and among untreated PLWH. Medical illnesses associated with alcohol use often seen in older adults without HIV infection (Cherpitel et al., 2015) are now occurring as common comorbid conditions in younger PLWH despite prolonged viral suppression (Crothers et al., 2009; Hasse et al., 2011; Simmons et al., 2013; Guaraldi et al., 2011; Sharma et al., 2015; Shiau et al., 2013; Hansen et al., 2012) , which may reflect premature aging (High et al., 2012; Justice and Falutz, 2014) . In addition to the direct, toxic pathophysiologic effects of both HIV and alcohol, mechanisms that are likely to lead to high rates of comorbid conditions among PLWH include immune senescence (the effects of aging on the function of the immune system), inflammation, and hypercoagulability (High et al., 2012; Deeks, 2009; Deeks, 2011; Katz et al., 2015) . Because alcohol use impacts some of these same mechanisms, there has been investigation of the role of alcohol use in HIVrelated comorbidities (Neuman et al., 2012; Bryant et al., 2010; Freiberg et al., 2010; Sarkar et al., 2015; World Health Organization, 2015) , and the study of comorbidities is now a high priority for NIH (National Institutes of Health, 2015) . We review research to date on HIV-associated comorbidities in which alcohol may play a role.
Alcohol Use and HIV-Associated Comorbidities

Common Co-Infections
Hepatitis C and Tuberculosis
Approximately 25 -30% of PLWH are co-infected with hepatitis C virus (HCV) (Alter, 2006; Platt et al., 2016) . Chronic HCV infection is a major cause of morbidity and mortality among PLWH (Sulkowski, 2013) . PLWH with HCV co-infection have accelerated progression of HCV-related liver disease (i.e., cirrhosis and liver cancer) (Sulkowski, 2007a; Sulkowski, 2007b; Sulkowski, 2008) . Although little is known about how low-level drinking influences HCV outcomes, abstinence from alcohol use is recommended for PLWH with HCV co-infection because liver disease outcomes are also adversely impacted by alcohol use (Peters and Terrault, 2002; Morgan et al., 2003; Sulkowski, 2007a; Sulkowski, 2007b; Sulkowski, 2008; Cooper and Cameron, 2005; Safdar and Schiff, 2004; Schiff and Ozden, 2003; Fuster et al., 2014; Fuster et al., 2013; Tsui et al., 2013; Tsui et al., 2006) . Similarly, both alcohol use and HIV are associated with increased risk of tuberculosis (TB) infection (Lonnroth et al., 2008; Rehm et al., 2009b) , which is the leading cause of mortality in PLWH worldwide (World Health Organization, 2014; UNAIDS, 2015) . Alcohol use (any versus none) is associated with an increased risk (up to 3-fold) of having active TB and poorer TB outcomes (Volkmann et al., 2016) , likely as a result of alcohol's impact on the immune system, poor TB treatment adherence, and social marginalization that increases risk for infection (Rehm et al., 2009b) , all of which may be amplified among PLWH given potential overlapping mechanisms.
Alcohol use is relevant to each of these common co-infections not only due to its potential to speed their progression but also because it likely influences their care. Alcohol use was a contraindication to previously used treatments for HCV, and the WHO warns against the use of isoniazid preventive therapycommonly used to prevent mortality and active TB among PLWH-in persons with "regular and heavy alcohol use" (World Health Organization, 2011) . While the WHO recommendation was made based on prior reports of isoniazid toxicity among heavy drinkers, no studies have systematically assessed the safety of TB preventive therapy in heavy drinkers with or without HIV infection. Moreover, it is unknown whether emerging treatments for HCV-directly acting antivirals that are highly effective in HIV co-infected patients (Sulkowski, 2013) -have contraindications for persons who drink. This is a rapidly evolving story for both co-infections; studies are needed to assess whether alcohol use is associated with poor outcomes among PLWH who are treated for HCV or TB infection. In the meantime, historical contraindications and current WHO recommendations are likely to influence clinical decision making regarding provision of recommended treatments. Given that alcohol use is an established risk factor for decreased ART adherence (Hendershot et al., 2009 ) and data suggest risk for active TB treatment discontinuation (Kendall et al., 2013) , it will also be important to assess alcohol's influence on adherence to and completion of treatments for both co-infections, as well as to identify interventions that may support reduced drinking and treatment adherence. PLWH who drink heavily and/or meet criteria for alcohol use disorders are at increased risk for coronary heart disease (CHD) and other cardiovascular diseases (CVD) (Freiberg et al., 2013; Freiberg et al., 2010) . In one study heavy drinking was a risk factor for CHD among PLWH but not those without HIV (Freiberg et al., 2010) . Mechanisms underlying CHD risk among PLWH are unclear but have been linked to inflammation (Niaura et al., 2000; Armah et al., 2012) . ART and HIV viral suppression do not eliminate the increased risk of CHD (Freiberg et al., 2013) , nor does ART return increased inflammation to pre-HIV infection levels (Freiberg et al., 2015) . A systematic review of 13 studies suggests an increased risk of CVD associated with any and heavy alcohol use among PLWH ranging from 37% (95% CI: 2% -84%) to 78% (95% CI: 9% -293%) (Kelso et al., 2015) . While it is clear that alcohol increases risk for CVD among PLWH, alcohol's role in CVD risk merits further inquiry. For instance, the levels of alcohol use at which CVD risk is increased for PLWH are unclear: most studies have not compared non-drinking to low-level or "moderate" drinking, but one large observational study that did identified a protective effect of low-level drinking (Carrieri et al., 2012) . In addition, while cardiomyopathy is a condition for which both alcohol and HIV can be underlying etiologies, the additive or synergistic impact of these combined exposures for this pathology has not been delineated.
Cardiovascular Diseases
Cancers
Rates of non-AIDS-defining cancer deaths are increasing among PLWH (Smith et al., 2014) and contributing an ever-greater health burden (Deeken et al., 2012; Shiels et al., 2011; Cutrell and Bedimo, 2013) . Relative to uninfected persons, PLWH are at higher risk for many cancers, likely due to a combination of the direct toxic effects of the HIV virus, as well as chronic inflammation and immune suppression/activation, and high rates of co-infections and risk factors, such as smoking (Cutrell and Bedimo, 2013; Sigel et al., 2012; Bedimo et al., 2009; Borges et al., 2014; McGinnis et al., 2006; Park et al., 2016) . Alcohol use may be another risk factor. Mechanisms by which rates of cancer may be elevated among PLWH (e.g., immune system effects, inflammation, and co-occurrence with other risk factors) overlap with mechanisms by which alcohol use adversely influences cancer outcomes. However, the specific role of alcohol use in cancer risk among PLWH is unknown (D'Souza et al., 2014) . Alcohol use is a risk factor for liver and head and neck cancers among PLWH (McGinnis et al., 2006; Freedman et al., 2007; Viswanathan and Wilson, 2004) , and findings from one study suggest that, together, alcohol use and HCV accounted for increased risk of liver cancer, but not non-Hodgkins lymphoma, among PLWH (McGinnis et al., 2006) . Findings to date suggest alcohol's influence on cancers among PLWH is likely complex; alcohol may be a stronger contributor to some cancers than others and may have additive or synergistic effects on cancer-related outcomes.
Neurological Disorders
The severity of HIV-associated neurocognitive disorders (HAND) (Antinori et al., 2007) has declined in the post-ART era, but PLWH continue to face an array of neurological problems (Sacktor et al., 2016; Heaton et al., 2011; Heaton et al., 2010; Elbirt et al., 2015; Harezlak et al., 2011) . Alcohol use disorders are a known risk factor for neurocognitive dysfunction and are linked to impaired memory and decision making (Anand et al., 2010; Loeber et al., 2009) . Alcohol use and HIV may have combined effects on neurocognitive decline (Anand et al., 2010; Persidsky et al., 2011; Thaler et al., 2015) . However, the findings of studies assessing this question have been mixed. Some suggest that alcohol and HIV have additive adverse effects (Rothlind et al., 2005; Green et al., 2004) , while a cross-sectional study of HIVinfected alcohol users found lower than average neurocognitive scores, but no significant relationship between number of heavy drinking days and neurocognitive performance (Attonito et al., 2014; Attonito, 2013) . The interplay of alcohol and neurocognitive decline among PLWH merits further research.
Other related issues are also in need of further investigation. For instance, pain is common and associated with unhealthy alcohol use among PLWH (Merlin, 2015; Merlin et al., 2012a; Tsui et al., 2014) .
Because pain itself may interrupt engagement in HIV care (Berg et al., 2009; Merlin et al., 2012b) and may also induce alcohol use as a coping mechanism (Tsui et al., 2014) (Amruth et al., 2014) , the role in these associations of a known etiology of peripheral neuropathy, alcohol use, has not been described.
Metabolic Complications
PLWH experience metabolic complications, which increase the risk of diabetes and cardiovascular disease (Crum-Cianflone et al., 2010; Crum-Cianflone et al., 2008; Samaras, 2012; Samaras et al., 2007; Calvo and Martinez, 2014) . PLWH frequently gain weight following ART initiation (Lakey et al., 2013; Justice and Falutz, 2014) . The prevalence of metabolic complications and diabetes is higher among PLWH than among those without HIV and is generally linked to lipid imbalances resulting from ART and chronic low-grade inflammation from HIV (Paula et al., 2013; Samaras et al., 2007; Jacobson et al., 2006; Mozumdar and Liguori, 2011; Rasmussen et al., 2012; De Wit et al., 2008) . Alcohol use is associated with diabetes (Howard et al., 2004) and metabolic derangements consistent with lipodystrophy (Cheng et al., 2009 ). Alcohol use has also been linked to oxidative stress on muscles, bones and adipose tissue, and is thought to exacerbate lipid imbalances from HIV (Molina et al., 2014b) . However, among PLWH and those without HIV, associations with alcohol use and both diabetes and metabolic syndrome appear to be Ushaped such that "moderate" alcohol use may be protective, whereas heavy drinking increases risk (Howard et al., 2004; Butt et al., 2009; Samaras et al., 2007; Tiozzo et al., 2015; Freiberg et al., 2004; Sidorenkov et al., 2010; Wakabayashi, 2014; Athyros et al., 2007) . Research is needed regarding the potentially complex ways in which alcohol use influences metabolic complications among PLWH.
Falls and Injury
Up to 30% of PLWH experience falls annually (Erlandson et al., 2012) . Falls can lead to fractures, which are 40-60% more common in PLWH relative to those without HIV (Sharma et al., 2015; Shiau et al., 2013; Hansen et al., 2012) , likely as a result of both high-energy injuries and fragility. Alcohol use is a potent risk factor for falls and fractures (Cherpitel et al., 2015; Cawthon et al., 2006; Kanis et al., 2004; Berg et al., 2008; Mukamal et al., 2007; Zhang et al., 2014) and it can also exacerbate inflammation, which could influence complications related to recovery from falls and fractures. Further research on the association between alcohol use and falls and injury among PLWH is needed, as is investigation of the role of alcohol reduction in fall prevention among PLWH.
Other Substance Use
More than 42% of PLWH in the US smoke (with some studies reporting 46-84%), compared with less than 20% of the general population (Lifson and Lando, 2012; Lifson et al., 2010; Mdodo et al., 2015; Marshall et al., 2009; Cooperman, 2016) . Among PLWH, smoking is associated with increased risk for bacterial pneumonia, chronic obstructive pulmonary disease (COPD), coronary heart disease (CHD) and its associated complications, and decreased bone mineral density (Lifson et al., 2010; Cooperman, 2016) .
Though evidence is mixed (Kabali et al., 2011; Marshall et al., 2009) , smoking may also be associated with HIV disease progression (Hile et al., 2016) . Smoking is more strongly associated with poor health outcomes among PLWH than among those without HIV (Crothers et al., 2009; Crothers et al., 2005) and is likely an important contributor to the substantial comorbidity experienced by PLWH (Marshall et al., 2009 ). Smoking and alcohol use are correlated with one another in PLWH (Braithwaite et al., 2016) and, due to the potential for additive inflammatory effects of alcohol use and smoking (Niaura et al., 2000; Armah et al., 2012) , PLWH who both smoke and drink alcohol may be at greater risk for adverse health outcomes, such as CHD and pneumonia. Despite the potential syndemic effects and the common co-occurrence of smoking and alcohol use among PLWH (Braithwaite et al., 2016) , little research has investigated the synergistic effects of alcohol and tobacco use among PLWH, and interventions to improve both among PLWH.
Similarly, other drug use is common among PLWH (Green et al., 2010; Bing et al., 2001; Korthuis et al., 2012; Mathers et al., 2008) and often co-occurs with alcohol use (Green et al., 2010; Walley et al., 2008; Van Tieu and Koblin, 2009 ). This combination is likely to increase risk for multiple adverse outcomes. Weber et al., 2013; Hauser and Knapp, 2014) , and outcomes of common co-infections among PLWH, which, in some cases, are disproportionately distributed among people who use drugs. For instance, an estimated 82% of people who inject drugs with HIV have HCV (Platt et al., 2016) . Finally, alcohol use may enhance risk for drug overdose (Coffin et al., 2007; Shah et al., 2008; Coffin et al., 2003; Riley et al., 2016) . Because similar levels of alcohol consumption may have greater effects for PLWH compared to 
Mental Health Disorders
In addition to other substance use, mental health disorders, including depression, anxiety, trauma, and, stress are common among PLWH (Sullivan et al., 2011; Sullivan et al., 2008; Chander et al., 2006a; Walkup et al., 2008; Braithwaite et al., 2016) . The majority of research to date on alcohol use and mental health conditions among PLWH has focused on depression. Both alcohol use and depression are associated with reduced engagement with the HIV treatment cascade and adverse HIV-related consequences (Cruess et al., 2005; Cruess et al., 2003; Evans et al., 2002; Leserman, 2003; Leserman, 2008; Leserman et al., 2008; Ghebremichael et al., 2009; Kim et al., 2007; Goodness et al., 2014) . Unhealthy (relative to low-risk) alcohol use is associated with higher risk of depressive symptoms (Sullivan et al., 2011) , and longitudinal research among PLWH suggests that this association is uni-directional, such that alcohol use precedes depressive symptoms (Fergusson et al., 2009 ). Moreover, changes in drinking appeared to result in concomitant changes in depressive symptoms such that PLWH who switch to higher or lower level drinking experience a similar alteration in their depressive symptoms (Sullivan et al., 2011) . While the association between alcohol use and depression appears to be similar for people with and without HIV (Sullivan et al., 2011) , the common co-occurrence of these conditions and both of their influences on poor HIV-related outcomes is likely to have at least an additive effect on PLWH. Psychological trauma, stress, and anxiety, which often co-occur with heavy alcohol use , are associated with adverse HIV-related outcomes (Chander et al., 2006a; Leserman, 2003; Leserman, 2008; Leserman et al., 2008; Machtinger et al., 2012 ; Liebschutz et al., 2000) . Research is needed to understand the potential synergistic effects of alcohol use with these common mental health conditions among PLWH, including investigation of issues related to temporality, mechanisms, prevention, and treatment in the context of co-occurring alcohol use and mental health conditions (Chander et al., 2006a) . Finally, research on associations between alcohol use and co-occurring serious mental illness among PLWH is needed.
Morbidity and Mortality
While mortality rates among PLWH have declined (Simmons et al., 2013; Hasse et al., 2011) , PLWH are still at higher risk for mortality, as well as physiological frailty, relative to those without HIV (Justice and Falutz, 2014) . Alcohol use is associated with increased risk of mortality in general samples (Kinder et al., 2009; Rehm et al., 2001; Rehm et al., 2003) , as well as specifically among PLWH (Neblett et al., 2011; Wandeler et al., 2016; Justice et al., 2016) . While most large observational studies, including one among PLWH (Wandeler et al., 2016) , have identified a J-shaped association between alcohol use and all-cause mortality (with a protective effect of low-level or "moderate" drinking), a recent meta-analysis (not HIVspecific) of 87 studies including over 3 million people, which adjusted for study design characteristics known to bias results, found no protective effect of low-level drinking (Stockwell et al., 2016) . A recent study demonstrated an association between alcohol use and both physiological frailty and mortality among PLWH but did not include a non-drinker group, and thus was not able to assess the effects of low-level or "moderate" drinking on morbidity and mortality (Justice et al., 2016) . However, this study's findings suggested that PLWH experienced risk at lower levels of alcohol use relative to uninfected individuals (>30 drinks per month for PLWH versus >70 drinks per month for those without HIV for mortality) (Justice et al., 2016) . These findings are aligned with previous research, which has identified greater blood alcohol concentration (McCance- Katz et al., 2012) the possibility that alcohol's influence on health is greater among PLWH than it is among uninfected populations and further highlight the need to gain clarity and precision regarding how and at what levels alcohol use influences health among PLWH, as well as underlying mechanisms.
HIV and Alcohol in a Social Context, Intersectionality, and Potential Subgroup Variation
Both HIV and alcohol use are stigmatized conditions about which discrimination is common.
Therefore, the social and environmental contexts in which PLWH who drink live is likely to influence outcomes (Stokols, 1992) . Moreover, both alcohol use and HIV disproportionately impact vulnerable populations, including people living in poverty and poor resource settings, those who experience multiple forms of social disadvantage, racial/ethnic minorities, and MSM (Grant et al., 2015; Hall et al., 2009; Lansky et al., 2010; Mulia et al., 2009; Pellowski et al., 2013) . Many of these characteristics overlap within individuals (e.g., racial/ethnic minorities disproportionately live in poor resource settings). Intersectionality theory and syndemic perspectives (Kelly, 2009; Talman et al., 2013; Pellowski et al., 2013) suggest that the chronic psychosocial stresses observed over the life course for these populations are likely to synergistically influence health over time and, thus, may result in health disparities. Research should investigate subgroup variation resulting from lived experiences in associations between alcohol use and HIV-related outcomes, to ensure risks specific to vulnerable populations are understood.
Addressing/Reducing Alcohol Use among PLWH
Despite its substantial burden on HIV and related illnesses, alcohol use is often overlooked in HIV care (Metsch et al., 2008; Conigliaro et al., 2003; Chander et al., 2016; Korthuis et al., 2008 ; Korthuis et al., 2011; Strauss et al., 2009a; Strauss et al., 2012) . Research suggests substantial barriers to HIV care providers' addressing alcohol use with their patients (Strauss et al., 2009a; Strauss et al., 2009b) . Both PLWH and HIV care providers perceive alcohol use as a low priority for HIV clinical care relative to other domains of care (Fredericksen et al., 2015) . Efforts to describe and address deficiencies in alcohol-related care among PLWH are occurring in several domains. First, ongoing health services research is being conducted to assess whether, in healthcare settings in which alcohol-related care is common (e.g., the Veterans Health Administration), differences in receipt of alcohol-related care exist across HIV status (Williams and Bradley, 2015) . Studies are also underway to evaluate the comparative effectiveness of alcohol treatments among PLWH (Kraemer, 2013) .
Second, several studies of alcohol-related interventions have been tested among PLWH with unhealthy alcohol use (Papas et al., 2011; Samet et al., 2015; Hasin et al., 2013; Samet and Walley, 2010; Chander et al., 2015; World Health Organization, 2011) , and others have been piloted (Edelman et al., 2012) or are ongoing (Edelman et al., 2016; Satre, 2012; McCaul, 2016; Armstrong et al., 1998; Parry et al., 2014; Papas et al., 2010) .
Research to date is mixed regarding the efficacy of alcohol-related interventions among PLWH (Samet and Walley, 2010) . Three interventions studied to date have had positive findings (Papas et al., 2011; Hasin et al., 2013; Chander et al., 2015) . First, Papas, et al tested the preliminary efficacy of a culturally adapted 6-session cognitive-behavioral therapy intervention delivered by paraprofessionals relative to a usual care, assessment-only control condition among PLWH receiving care (n=102) at a Kenyan outpatient HIV clinic (Papas et al., 2011) . The intervention was associated with a reduction in percent drinking days and number of drinking days after 30 days and greater abstinence after 90 days (Papas et al., 2011) . In the U.S., Hasin et al recruited 258 heavy drinkers with HIV from a large urban HIV primary care clinic. They compared an active control condition (educational materials and advice to reduce drinking at baseline and 30-and 60-day follow-ups) to two intervention arms based on motivational interviewing (MI) (Hasin et al., 2013) . The MI arm included a single 20-25 minute session of counselor-delivered MI with two 15-minute boosters at 30-and 60-days; the other arm ("MI+") additionally included daily calls with "HealthCall"-an interactive voice-response (IVR) offering personalized feedback (Hasin et al., 2013) . Overall group differences in the number of drinking days were observed at 60 days, with both MI and MI+ associated with fewer drinking days relative to the control group. No differences were observed between MI and MI+ in the full sample, although MI+ was associated with fewer drinking days relative to MI among participants meeting criteria for alcohol dependence at baseline (but not among those who did not) (Hasin et al., 2013) .
Most recently, Chander et al tested a 2-session (plus 2 booster calls) brief intervention relative to a control among 74 HIV+ women from an urban HIV clinic and found that the intervention was associated with reduced frequency of alcohol use at 90 days (Chander et al., 2015) . While long-term outcomes, and outcomes beyond self-reported consumption (which is highly susceptible to social desirability bias) have not been measured, findings from these intervention studies suggest that alcohol use may be modifiable among PLWH who drink heavily. Moreover, the IVR component of Hasin's MI+ has now been enhanced to be delivered via smartphones, with strong findings regarding acceptability and feasibility (Hasin et al., 2014) .
To the extent it is feasible, future research should measure long-term and objective clinical outcomes of these types of interventions, as well as to investigate sub-group differences in responses, and their potential for translation into real-world settings. Although likely to be dependent on specific contexts and settings, implementing multi-session interventions across settings may be met with substantial barriers (Papas et al., 2011; Papas et al., 2010) . However, repeated brief interventions or mobile applications coupled with a single-session of MI may hold promise for translation into HIV clinics and resource poor settings. ************************************************************************************* Summary and Future Directions.
Alcohol use is common among PLWH, and is associated with HIV acquisition and transmission, lack of viral suppression, common comorbid conditions, and ultimately morbidity and mortality via both biological (e.g., oxidative stress) and behavioral (e.g., ART adherence) mechanisms (see: Figure 1 ).
Associations between alcohol use and HIV-related care and outcomes are likely to be influenced by independent and/or overlapping lived experiences of vulnerable sub-populations that are disproportionately represented among PLWH (e.g., sexual minorities, homeless populations). Interventions to modify drinking and improve HIV-related risks and outcomes have been tested in various populations with limited success to date. Our review suggests further research in several areas. Consistent with NIH priorities (National Institutes of Health, 2015) , substantial research is needed to better understand alcohol's influence on coinfections and comorbid conditions that are common among PLWH, including elucidating the mechanisms by which alcohol use is impacting comorbidities. While research suggests the possibility that no level of alcohol use may be considered "safe" for PLWH (Justice et al.) , given the high prevalence of alcohol use among PLWH, it will be necessary to better understand which patterns of use substantially increase risks and how. These investigations will require measures of all levels of drinking (including non-drinking). This work should also quantify how changes in alcohol use can alter the course of HIV-related outcomes. Studies that assess whether state-of-the-art medications are safe for co-infected PLWH who drink alcohol are needed in order to ensure adequate treatment of common co-infections. While new medications have emerged that appear to be highly effective at controlling both HCV and TB, contraindications of previous medications, as well as resulting stigma are likely to be barriers to treatment for PLWH who drink and have common co-infections.
Future studies of alcohol's influence on common comorbidities among PLWH will need to explicitly address measurement issues plaguing the extant literature. While many studies of adverse outcomes among PLWH have not addressed alcohol use at all, many that have, have used alcohol measurements of varying quality. Future studies among PLWH, especially those of interventions which can be prone to mis-report, should include validated self-report measures of alcohol use. While diary-based methods of assessing consumption, such as Timeline Follow Back methods (Sobell et al., 1996) , are considered state-of-the-art self-report measures, validated alcohol screens such as the Alcohol Use Disorders Identification Test (AUDIT) (Babor et al., 1989 ) and its abbreviated versions (i.e., the "AUDIT-C" made up of the first three questions regarding consumption (Bush et al., 1998; Bradley et al., 2007; Dawson et al., 2005) , and the "AUDIT-3" comprised of the third question assessing heavy episodic drinking (Smith et al., 2009) recommended (though these also have limitations such as lack of sensitivity for low but still risky amounts) (Hahn et al., 2012; Wurst et al., 2005; Bajunirwe et al., 2014; Asiimwe et al., 2015) , as well as objective measures of alcohol-related health consequences. Selection of optimal measures will depend on populations and contexts studied, and the purpose of the measurement. At all phases of this research, subgroup variation in associations should be identified, such that risks specific to vulnerable populations that are overrepresented among PLWH (e.g., racial/ethnic minorities, MSM, people with co-occurring substance use, mental health conditions, and homelessness, and the intersections of these identities) are understood.
This research should serve as foundational work that can be translated into a next generation of intervention studies. Future interventions should address alcohol use at individual and policy levels and at all phases from transmission to treatment of HIV. Because alcohol use is prevalent and persistent among PLWH even after exposure to interventions, future interventions should focus on improving engagement in and adherence to HIV care, reducing acute health care utilization, and mitigating comorbid complications in the context of continued drinking. For instance, given the effectiveness of ART for treating HIV, and that alcohol use is a potential modifiable risk factor for non-adherence, this can be considered a challenging but reasonable area for continued research. Given that reductions in alcohol use observed in earlier studies have not translated into improvements in ART, interventions aimed at clustered risks and focused on clearly identified mechanisms linking alcohol use and ART are likely needed. Future interventions should be designed to provide information regarding the potential magnitude of benefit in HIV-related care and outcomes that may be obtained by addressing alcohol use. Once effective interventions are identified, identifying ways to implement them in real world health care settings will be important, as well as understanding barriers to doing so.
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